The inability for most existing detection methods to effectively distinguish between a wireless microphone signal and a sinusoidal continuous wave (CW) interference has led to an excessively high false alarm rate and thus severely limited the utility of sensing-based cognitive transmission in the TV white space (TVWS) spectrum. Two potential solutions are proposed, in which the first solution focuses on signal's periodogram and formulates the decision model as an one-sided test based on Kullback-Leibler distance statistics, and the second solution proposes an augmented spectral correlation function (SCF) and exploits the fact that wireless microphone signal and CW exhibit different augmented SCFs. Both solutions are validated by simulation and experimental tests, shown to be capable of reliably sensing wireless microphone signals in the presence of strong noise and excessive CW interference.
Sensing for wireless microphone signals remains a challenging problem, having been plagued by excessively high false alarm rates, commonly encountered by tested sensing prototypes to date. The reason for this has been largely related to narrowband interfernece, which ubiquitously exists in realistic environment, and "fools" sensing algorithms assuming white or stationary Gaussian noise, to erroneously report that an available TVWS is being used [1] . Such narrowband interference includes spurious emissions, unintentional transmissions, leakage and intermodulation, and become non-negligible in sensing of extremely weak signals. So the main difficulty with wireless microphone sensing is to distinguish between a frequency-modulated (FM) wireless microphone signal and a sinusoidal continuous wave (CW) which models the narrowband interference. The situation hence is more like "telling the wheat from the chaff", in that it is necessary to extract fine features of signal. This is drastically different from simply distinguishing by means of finding spectral peaks in the perceptually "smooth" noise background, like "telling the tree from the grassland", a situation considered by most existing works based on Gaussian noise assumptions.
Recently, [2] developed algorithms to tackle the problem based on heuristic ad hoc rules that have been fine-tuned via training several specific makes of wireless microphones. In this work, we develop more systematic sensing solutions that are suitable for implementation without extensive training and fine-tuning. Specifically, we formulate the core problem as a binary hypothesis testing, in which the null hypothesis is that the received signal is a superposition of a sinusoidal CW and white Gaussian noise, and the alternative hypothesis is that the received signal is a superposition of an FM and white Gaussian noise. Note that, unlike in existing works, here the null hypothesis contains a CW component, which closely captures the effect of narrowband interference. The root of the difficulty is that when the frequency deviation or the message strength of FM is small so that its phase varies slowly, FM becomes very similar to CW.
The first solution is based on the periodogram of the received signal. It exploits a well-known fact that CW has a line power spectral density (PSD) whereas FM has a slightly dispersed PSD due to the modulation in the signal phase. For extracting such
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fine features, we approximate the averaged periodogram obtained via Bartlett's method as a multivariate Gaussian vector, in light of the central limit theorem, and thus convert the original hypothesis testing as discriminating two multivariate Gaussian distributions with different means and covariances. Furthermore, we adopt an one-sided test based on Kullback-Leibler distance statistics to design the detection rule. A key benefit of the one-sided test is that it only requires precise statistics of the null hypothesis, but is independent of the statistics of the alternative hypothesis, so that it circumvents the difficulty of imprecise knowledge about the statistics of wireless microphone signals.
The second solution is based on an augmented spectral correlation function (SCF) [3] , which is proposed in this work as a linear combination of the regular SCF and a conjugate SCF which is defined aŝ The augmented SCF is capable of revealing features in both frequency and cycle frequency domains. Specifically, we analytically establish that the augmented SCF of FM has much weaker magnitudes along the line of f = 0 compared with that of CW (see Fig. 1 ). Intuitively this is due to the phase incoherence in FM signals. Based on this fact, we propose detection rules for distinguishing between FM wireless microphone signals and CW interference.
We have conducted an extensive simulation study to evaluate the solutions, finding that both are capable of reliably sensing wireless microphone signals in the presence of excessive CW interference, at very low SNR. For example, both achieve detection rate exceeding 98% with false alarm rate below 5%, for SNR as low as −21dB. We have also confirmed the validity of the solutions by experimental tests in lab, achieving essentially error-free detection with false alarm rate below 8%, even for wireless microphones in silent mode (without voice fed).
